Sosnowiec is located in the Katowice Region, which is the most urbanized and industrialized region in Poland. Urban areas of such character favor enhancement of pollution concentration in the atmosphere and the consequent emergence of smog. Local meteorological and circulation conditions significantly influence not only on the air pollution level but also change air temperature considerably in their centers and immediate vicinities. The synoptic situation also plays the major role in dispersal and concentration of air pollutants and changes in temperature profile. One of the most important are the nearground (100 m) inversions of temperature revealed their highest values on clear winter days and sometimes stay still for the whole day and night. Air temperature inversions in Sosnowiec occur mainly during anticyclone stagnation (Ca-anticyclone centre and Ka-anticyclonic ridge) and in anticyclones with air advection from the south and southwest (Sa and SWa) which cause significantly increase of air pollution values. The detailed evaluation of the influence of circulation types on the appearance of a particular concentration of pollutants carried out in this work has confirmed the predominant influence of individual circulation types on the development of air pollution levels at the Katowice region. This paper presents research case study results of the thermal structure of the near-ground atmospheric layer (100 m) and air pollution parameters (PM10, SO2, NO, NO2) changes in selected days of 2005 year according to regional synoptic circulation types. The changes in urban environment must be taken into account in analyses of multiyear trends of air temperature and air conditions on the regional and global scales.
Introduction
The Katowice region is the best illustration of an area that underwent complete anthropopression in Poland (Fig. 1) . The wasteful economy of the 70s, characterized by a dynamic development in industry and urbanization, was the most strongly reflected in the level of pollutants emitted to the atmosphere. Nowadays, when the emission is reduced to a remarkable extent, it is important to examine the influence of atmospheric circulation on the sanitary condition of air. The issue discussed in this work is an example of the so-called synoptic meteorology and climatology, which evaluate the relation between environmental elements and circulation conditions. Katowice Region consist of urbanized and industrial surfaces, therefore the regional climate differs considerably from the climate of nonurban areas. Modification and transformation of the cities climate by people is the most visible in diversification of local climate (PASZYŃSKI, 1997; WILMERS, 1997; GIRIDHARAN ET AL., 2005) . Distortion of the active surface leads to appearance of local climatic and microclimatic structures in urbanized areas that are more complicated than their counterparts in the countryside (Oke 1999) .There are different studies of the region, which confirmed the occurrence of the characteristic phenomena like: change of heat balance of active surface (WIATRAK, 1989; CAPUTA ET AL., 2003) , urban heat island (OŚRÓDKA, 1991; KŁYSIK & FORTUNIAK, 1999; SZYMANOWSKI, 2005) , thermal inversion (BIL, 2000 (BIL, , 2009 , smog (OŚRÓDKA ET AL., 1999), acid rain (LEŚNIOK, 1996; HŁAWICZKA ET AL., 2003) , and changes in precipitation patterns (TWARDOSZ & NIEDŹWIEDŹ, 2001) . Atmospheric circulation plays a major role in urban climate (HAEGER-EUGENSSON & HOLMER, 1999) , especially regarding the diffusion of pollution (NIEDŹWIEDŹ, 2005) . The occurrence of specific pressure systems and air masses increases or decreases the influence of the anthropogenic factor, the intensity of the urban heat island and the level of atmospheric pollution. The dispersal and concentration of air pollutants researches, which were done in Kraków (NIEDŹWIEDŹ & OLECKI, 1994) and Upper Silesia (NIEDŹWIEDŹ & USTRNUL, 1989; LEŚNIOK ET. AL., 2010; LEŚNIOK, 2011; BIELEC-BĄKOWSKA ET. AL., 2011) makes it clear that the conditions favorable to the concentration of pollution (in winter in particular) emerge at the centre of a high or in situation of high pressure with an influx of air from the south-west (SWa). In those synoptic situation, a strong inversion arrives, preventing pollutants from escaping to higher layers of the atmosphere (NIEDŹWIEDŹ, 2005) .
Air contamination with particulate matter causes a serious problem in large cities and urban-industrial agglomerations both in Poland and its neighbors. The study integrated measured results of selected air pollution indices were made for different towns i.e. Sosnowiec (CEMBRZYŃSKA ET.AL., 2012; BIELEC-BĄKOWSKA ET. AL., 2011), Zabrze (ROGULA-KOZŁOWSKA, 2013) . The comparison of daily, seasonal and annual concentration of particulate matter in neighbors regions of Upper Silesia were investigated by KNOZOVA (2011 KNOZOVA ( , 2012 in Brno, South Moravia and BIELEC-BĄKOWSKA ET. AL. (2011) in Cracow region.
The paper presents the results of the research on the thermal structure of the 100 m thick bottom layer of the atmosphere during strong thermal inversion and enhancement of pollution concentration during this episode in Sosnowiec. The most important correlation between air pollution counts, thermal inversion and synoptic situation are presented.
Data and methods
Meteorological data come from two automatic weather stations of Faculty of Earth Sciences, University of Silesia, in Sosnowiec (geographical coordinates: 19°08E, 50°l7N). The first station is located on altitude 263 m a.s.l. above a grassy surface, which represents the typical conditions of a suburban area, The terrain is fiat with a low density housing development. The 20-storey building of the Faculty of Earth Sciences is located 80 m from the measurement area in the northeast direction. The surroundings of the station included green areas (Iawns and gardens), a power station located a few 100 m to the northeast and sparsely distributed apartment blocks, located a few 100 m to the south (Fig. 2) . The station is equipped with a Vaisala thermohygrometer (2 m), a temperature soil probe (depth of l m), an anemometer, a wind direction sensor (AlOOR 10 m), and a Kipp and Zonen netradiometer CNRl (1.5 m).
The second station is located on altitude 263 m a.s.l. on the roof of the building at the height of 100 m above the ground and 7 m above the roof level (Fig. 2) . The station was equipped with a Vaisala thermohygrometer, an anemometer, a wind direction sensor, a Kipp and Zonen sunshine sensor CSDl, and a pyranometer. The data were registered with a Campbell logger CRlOx. The impact of the building on the readings from the sensor located above the building was insignificant in comparison with the measured inversion. The mean difference between the temperature measured by the sensor situated above the roof (1,5 m) and the sensor located at the highest location (7 m) equals +/-0,4 K (BIL . It has been assumed that temperature bias at 100 m caused by the building should be of the same order of magnitude (see Figure 2 ). For air pollution measurement the following pollutants were used: particulate matter (PM10) with a fraction size of up to 10 µm, sulphur dioxide (S02), nitric oxide (NO), nitrogen dioxide (N02). These data were collected from Katowice Raciborska street stations on the regional air monitoring network. This is the best environmental monitoring station and has the most complete and homogenous observation material in the whole Katowice region (BIULETYN…, 1999) .
Additionally data of three upper air sounding station, which are the nearest to Sosnowiec were used for analyzing the vertical profile of thermal inversion depth. Sounding data came from University of Wyoming Weather Web, which provides free soundings data for all World (WYOMING, 2015) .
Synoptic situation and circulation types
During 04-11 February 2005 Poland was under high pressure system from over Russia, which was the part of the Siberian high pressure (Fig. 3a) .
In next few days it merged with the Azores high pressure creating over Europe an elongate area of high pressure, which was above 1045 hPa in the centre (Fig. 3b, c) . This area moved a little bit south in next few days. At night the temperature dropped below -20.0°C (Suwałki, Nowy Sącz) and on the ground (5 centimeters) was -28.0 to -26.0°C (Białystok, Suwałki, Nowy Sącz).
Starting from 10 February the pressure dropped quickly. The low-pressure system with 975 hPa pressure in the centre, which formed at the Norwegian Sea started moving south and east south (Fig. 3d) . Germany, northern, western and central Poland, the Baltic and Scandinavia was the area of increased wind speed. In Sosnowiec values of 16 m/s (maximum wind speed) were recorded. Approaching the cold atmospheric front was accompanied by a pressure drop in Pomerania, Warmia and Mazury to 9 hPa/3 h. On average pressure drop before the approach of the lowlands up to 3 hPa/3 h. Such strong high pressure atmospheric situation was the condition for inversion temperature development. The upper air soundings measurements made in Legionowo near Warsaw (Fig. 4) showed that from the station ground to a height of 430 meters the temperature raised up 13.8 degrees (from -15.1°C to -1.3°C). Above the inversion layer started normal atmospheric temperature decrease with height. Such strong inversion caused drying the atmosphere and absence of clouds at all levels, which was the important factor for the thermal inversion development and air pollution concentration.
There are various classifications of circulation types occurring in Poland or in the Central Europe (NIEDŹWIEDŹ, 1981; USTRNUL, 1997; HESS & BREZOWSKY, 1952) . Author used NIEDŹWIEDŹ (1981) classification, which takes into account the type of pressure system and the direction of air mass advection. This classification includes 21 types of circulation; 10 types describe anticyclones conditions, 10 cyclonic conditions and 1 type falls outside these categories. Table 1 presents the concrete macrocirculation types occured during the analyzed period. Temperature in cities situated in simple geographical conditions depends on the components of large-scale climate and characteristics of urbanization (PARK, 1987; UNGER ET AL., 2001; NIEDŹWIEDŹ, 2005) . In urban areas, the heat exchange between the surface and the atmosphere is hard to estimate because of the significant diversification of surface types. Otherwise the thermal structure of the near-surface air can be easily observed and it could be an indicator of the surface characteristics.
Research conducted under the gradient measurements in Sosnowiec (BIL, 1999 (BIL, , 2000 showed that it begin to expand from about 16 to 20 hours UTC, depending on the time of sunset in different seasons, and disappear between the hours of 4 and 9 UTC. Variation in the duration of each temperature inversion is very large: from several minutes to more than four days. The largest number of thermal inversions do not last longer than 1 hour. The second most common group are inversions of a duration of 6 to 12 hours, which are classical nocturnal inversion of radiation. The measured temperature differences can be treated as a vertical temperature gradient (Δt) expressed in K/100 m. Figure 6 presents the daily running of air temperatures measured in Sosnowiec at 2 and 100 m above the ground level. In the examined period, from 04.02-11.02.2005 the average temperatures equaled -6.58°C at 2 m and -5.92°C at 100 m above the ground level. The calculated gradient (Δt) for 10 min equaled 0.6 K/100 m. Negative gradient occurred during the daytime in all analyzed days. Positive gradient occurred during the night-time and increased after sunset to its maximum values. Strictly after sunrise it rapidly decreased and change into negative gradient (Fig. 7) . The strongest temperature inversion gradients 8.2 K/100 m. occurred at night of 8 February 2005 on 6:10 UTC and 7.5 K/100 m. at night of 9 February 2005 on 5:50 UTC (Fig. 7) .
The values of the temperature gradient varied depending on the time of day and meteorological conditions. One of them is wind speed, which has considerable impact on the development and disappearance of the thermal inversion. The episode of 04-11 February 2005 is an example of the development and disappearance of temperature inversion during clear winter days with low wind speed (1-6 m/s). Low wind speed provides to the development of stable stratification (Fig. 4 and 8) . The calm weather and the very high stable stratification resulted in air stagnation and the increase in aerosols and pollutants near the ground surface ( Fig. 5 and 6-8) . Additionally the absence of clouds brought on significant heat-loss of the surface during evenings and nights causing quick cooling in the near-surface layer of the atmosphere. The situation radically changed after midday of 10 February when the values of wind speed increased up to 16 m/s (Fig. 8) . Considering the latter group of the influencing factors, cloud coverage and radiation balance have the greatest impact (GEIGER ET AL., 1995).
According to CAPUTA ET. AL. (2009) in Sosnowiec dominate weak inversion, with an average intensity of 0.3-0.5 K. Under extreme conditions, it can go up to 13.5 K, but its size can change quite quickly. It was observed that a gradient equal to or greater than 3 K/100 m occurred in the presence of southwestern anticyclonic circulation (SWa), and southern anticyclonic circulation (Sa).
According to LESNIOK ET. AL. (2009) Such high values of measured pollutants in Sosnowiec are comparably with neighbor towns and regions. CEMBRZYŃSKA ET. AL. (2012) reported that the average concentrations of PM10 and PM2,5 in autumn-winter seasons in Sosnowiec city 2010-2011 were 2,1 to 2,7 times higher than limit of 50 µg/m 3 . BĄKOWSKA observed that every case when the allowed value was considerably exceeded (up to and above 100 μg·m-3 in Brno and upwards of 200 μg·m-3 in Sosnowiec and Cracow) was accompanied by a similar synoptic situation and weather conditions, i.e.an anticyclonic situation with an advection from the south or east. Additionally the highest PM10 dust concentrations occurred simultaneously at the three stations when Europe was under the influence of a vast and strong high pressure system, which suggests that they were caused by circulation factors operating at a scale greater than local. The analysis of particulate matter concentration in south Moravia in the context of circulation conditions was presented by KNOZOVA (2012) . There was found, that the highest pollution occurred by anticyclonic types of weather, despite the fact they are scarcely then cyclonic types. The most PM10 concentrations and the most probability of overdraft daily standard of PM10 50 µg/m3 occur by east anticyclonic situation (Ea), travelling central anticyclonic situation (Ap) and south-east anticyclonic situation (SEa).
The lowest values of pollutants concentrations during analyzed period were observed at the west antycyclonic circulations (Wa) at the end of analyzed period when the synoptic situation changed. For this day the values of all pollutants decreased rapidly in each of air pollution parameters.
Daily course of analyzed pollutants during thermal inversion episode provides to different conclusions. Generally it is strictly dependent on vertical profile gradient of temperature during the thermal inversion episode and times of sunrises and sunsets.
Particulate matter with a fraction size of up to 10 µm (PM10) values had its maximum in the middle of the nights and days (i.e. 364 µg/m 3 during night 7/8 February) and its minimum at the sunrise and the sunset (i.e. 34 µg/m 3 at sunset 7.02 and 94 µg/m 3 at sunrise 8.02). See Figure 6 for more details.
Sulphur dioxide (S02) values before thermal inversion episode changed insignificant (4-5 February) but in the next few days SO2 values started to have its diurnal cycle. They increased during the days and nights into its maximum and then decreased at sunrise and sunset (Fig. 7) .
Nitric oxide (NO) values, similarly to SO2, before thermal inversion episode changed insignificant (4-6 February) but in the next few days NO values started to have its diurnal cycle with its maximum values at the beginning of the day strictly after sunrise (i.e. 275 µg/m 3 at sunrise 09 February). During the day the NO values decreased permanently (Fig. 7) .
Nitrogen dioxide (N02) had its own daily course, similarly to NO, but without highest peaks after sunrise. NO2 diurnal amplitude was smaller than NO. The values of NO and SO2 had a tendency to scatter during the thermal inversion episode in comparison to days without it (Fig. 8) .
Conclusions
During the analyzed episode of thermal inversion at 04-11 February 2005 anticyclonic types of circulation were presented. The most important for the strong development of the phenomena were SEa and Sa. Wa type finished analyzed period due to changes in synoptic situation in Europe.
Anticyclonic conditions have contributed to arise thermal inversion. The average temperatures of presented case study equaled -6.58°C at 2 m and -5.92°C at 100 m above the ground level.
The calculated gradient (Δt) for 10 min equaled 0.6 K/100 m. The strongest temperature inversion gradients 8.2 K/100 m. occurred at night 8 February 2005 on 6:10 UTC and 7,5 K/100 m. at night 9 February 2005 on 5:50 UTC. It was strong nocturnal inversion (Δt ≥ 5K/100 m) which occurred rather rare in winter.
The research on thermal structure of the inversion phenomenon with circulation conditions, confirmed the importance of these parameters affecting the air pollution levels. Generally analyzed days with anticyclonic circulations were characterized by considerable increases in concentrations of particulate matter PM10, sulphur dioxide S02, nitrogen oxides (NO and N02) but the distributions of selected concentrations of pollutants for each day differs significantly. The highest mean concentrations reached 414 µg/m 3 (PM 10), 189 µg/m 3 , (SO2), 271 µg/m 3 (NO) and 139 µg/m 3 (NO2) during days of the strongest vertical temperature gradient (Δt). The highest concentrations of pollutants occurred during the anticycIonic conditions Sea, Sa and SWa.
Daily course of analyzed pollutants is strictly dependent on vertical profile gradient of temperature during the thermal inversion episode and times of sunrises and sunsets. It was noticed, that values of PM 10 and SO2 changed significantly more than one time during the whole day. It have the tendency of scatter in comparison with days without inversion, too.
Comparison with other neighbor cities and regions shows that there are similarities in terms of weather conditions and circulation patterns that are responsible for the occurrence of high air pollution concentrations. As the result of the industry restructuring after the year 1989 the quantity of the emitted dust and gas pollutants in Katowice Region decreased, but in comparison with the other regions are still increased.
